Respiratory diseases, like asthma and other chronic obstructive pulmonary disease, claim over 50 thousand lives annually in Kazakhstan according to national statistics (The Agency of Statistics of the Republic of Kazakhstan, 2011). This study applies econometric methods to examine the relationship between the coal industry and the respiratory health in Kazakhstan during the country's independency period using annual national data. The study investigates long-term equilibrium and short-term dynamics of coal production and respiratory diseases in Kazakhstan by applying the Vector Error Correction Model (VECM). The empirical results show that the respiratory diseases appear to be elastic relative to the coal production, and the strong long-run and short-run Granger causality running from coal production to respiratory diseases. The presence of causal relationship could be useful to define effective policies to reduce the health effects of coal industry in Kazakhstan.
pollution is not accounted for in the existing studies in Kazakhstan.
Due to the unequal distribution of the reserves of fossil fuel in Kazakhstan, there are areas in the country where coal is the only source of energy, particularly in the heating season. This fact also produces large seasonal cost variations in such areas. Individual residences, where no centralized heating system is available, burn coal in self-made coal stove to heat their homes. Coal combustion in the residential sector for space and water heating is not inventoried as point sources. However, this process is the main source of the indoor air pollution in coal-dependent regions of Kazakhstan. Most domestic coal stoves are of poor quality as shown in Figure 1 . Visible cracks and dirt deposits on the stoves may indicate the presence of indoor air pollution. Furthermore, the low temperature of the combustion and short chimneys may indicate that air pollution disperses downward and increases near the ground. Hence, the pollution is localized and causes a degradation of the regional environment.
Respiratory diseases are the most commonly diagnosed diseases in Kazakhstan, and account for 42% of the total registered diseases (The Agency of Statistics of the Republic of Kazakhstan, 2011) . The statistics indicate that respiratory disease causes substantial burden on the economy and health of the country. In 2004, the disability-adjusted life year (DALY), an overall disease burden measure, due to non-communicable respiratory diseases was the 9 th biggest in the world, or 1.6 times bigger than world average (WHO, 2009) . Although there are different causes of respiratory diseases, the coal industry is very often the main cause in regions, where coal is the main fuel (Lockwood, 2012, pp. 111-127) .
The existing research on air pollution and health deterioration are mainly regional and city level studies (Bowen et al., 1995; Koop et al., 2010; Mennis, 2005; Sheppard, et al. 1999; Sobral, 1989) . The studies indicate a strong relationship between air pollution and induced health problems in the short-and long-term. The existing studies (Gelobter, 1992; Gianessi et al., 1979) also support the evidence of the relationship between health conditions and air quality. Furthermore, studies on indoor air pollution impact on health in developing countries (Dasgupta et al., 2006; Smith & Mehta, 2003) also prove the connection between the variables. Most of the regional and national studies have identified that poor people, ethnic minorities, children and elderly people are most vulnerable to air pollution impacts. Ren & Tong (2008) made a thorough overview of recent epidemiology research developments and methodological issues on health effects of ambient air pollution.
Health impacts of coal industry from various locations worldwide are comprehensively described by Finkelman et al. (2002) . The examples provided in the study suggest that coal-related health problems are becoming serious issue in emerging and developing countries, where cheap coal is the main fuel for the economies. Generally, the studies about the coal industry impact on health and well-being of people could be divided by life cycle stages of coal: mining and storage (Ghose & Majee, 2000; Hendryx, 2009; Morrice & Colagiuri, 2013) , combustion at the power plants (Penney et al., 2009; Riekert & Koch, 2011) and full life cycle (Castelden et al., 2011; Epstein et al., 2011). www.ccsenet.org/eer Energy and Environment Research Vol. 4, No. 3; 2014 The literature on health effects of the coal industry in Kazakhstan primarily describes the health status of the coal miners (Terekhin & Pichkhadze, 1991) . Dahl & Kuralbayeva (2001) indicated that the coal production and use are the main causes for the environmental degradation in the industrial regions of Kazakhstan. Kenessariyev et al. (2013) estimated the mortality attributed to air pollution caused by total suspended particles in 11 cities across Kazakhstan. The study utilizes a log-linear concentration response function to estimate air pollution attributed mortality with other mortality causes in the country. The study revealed that the premature mortality caused by air pollution in Kazakhstan is significantly higher than in Russia and Ukraine. It was suggested that coal consumption was the main cause of such result. Furthermore, the results indicated that Almaty had the highest number of deaths attributed to air pollution in Kazakhstan. Despite the limitations of the study (such as significant uncertainties, use of total mortality without looking at the causes and not including other pollution compounds) it laid a basis for a scientific foundation for further studies on air pollution effects in Kazakhstan. To the best knowledge of the author, there is no research about the possible impact of the coal production and use on the respiratory health in Kazakhstan.
The empirical analysis presented here helps to define which factor is the main cause of growing number of respiratory diseases in Kazakhstan. The variables tested are production of commonly produced fossil fuel and the number of automobiles in Kazakhstan. In this study, fossil fuel production data is used instead of consumption data as coal industry has negative impact on respiratory health throughout the entire life cycle.
Method
The empirical assessment is based on testing long-term relationship between registered respiratory disease instances and production of different fossil fuels (coal, oil and natural gas) and number of automobiles in Kazakhstan, while utilization of the Vector Error Correction Model (VECM) helps to define the short-term dynamics of the variables.
Data
This study collects annual data on total respiratory diseases, coal production, oil production, natural gas production and number of automobiles for the period between 1990 and 2009. The data source for respiratory disease is the medical statistics database developed by MedInform Ltd. (MedInform Ltd., 2014) . Information on oil and natural gas production is derived from the BP Statistical Review of World Energy 2011 (BP, 2011) , while data on coal production is taken from the Agency of Statistics of the Republic of Kazakhstan (The Agency of Statistics of the Republic of Kazakhstan, 2011). Summary statistics of variables used in the study are given in Table 1 . Figure 2 and indicate steady decline in all series from the beginning in 1990 to almost the end of 1990s and start to increase in 2000, with natural gas production exhibiting the most related variation and respiratory disease exhibiting the least related variation as displayed in Table 1 . Oil and natural gas production for export is the main source of the economic growth in Kazakhstan and has significantly increased since 1990, while coal production volumes are still lower than in the pre-independence period (1990) (1991) . About 50% of natural gas and almost 90% of all oil produced in Kazakhstan go for export (BP, 2011) , while coal is predominantly for domestic use. Growing population wealth resulted in a significant increase of the number of cars in the 21 st century, and number of total diagnosed respiratory diseases has been steadily increasing too since 2000.
www.ccsenet.org/eer Energy and Environment Research Vol. 4, No. 3; 2014 Figure 2. The series plots of total respiratory diseases, fossil fuels production (by type) and number of cars in Kazakhstan, 1990 Kazakhstan, -2009 
Methodology
For testing purposes, all data was converted into natural logarithms and the results can be interpreted in growth terms. The analysis is performed using ordinary regression analysis as follows:
where , , , and represent natural logarithms of total respiratory diseases, coal production, oil production, natural gas production and number of automobiles for year t respectively. This step allows to select the independent variable that creates long-term equilibrium with dependent variable . In other words, which of the causes of air pollution has the biggest impact on respiratory diseases in the long-term?
In order to test short-run dynamics of the variables, the VECM is utilized. The analysis is performed in four steps: a) Verification of the order of the integration of the variables as the co-integration test is only valid for variables of the same order of integration. The Augmented-Dickey-Fuller (ADF) (Said & Dickey, 1984) and Kwiatkowski-Phillips-Schmidt-Shin (KPSS) (Kwiatkowski et al., 1992) tests are used for the purpose. While ADF test is a test for a unit root, KPSS test is designed on the basis of the null hypothesis that a series is stationary.
b) When all of the series are integrated at the same order, the Johansen maximum likelihood method (Johansen, 1991) is used to test the co-integration between the variables. The co-integration of variables indicates the presence of long-run equilibrium relationship between the variables.
c) The VECM is used to correct disequilibrium in the co-integrated relationship by means of error-correction term (ECT), as well as test for presence and direction of long-and short-run Granger causality among co-integrated variables. The VECM for Eq. (1) is specified as follows:
where
www.ccsenet.org/eer Energy and Environment Research Vol. 4, No. 3; 2014 142 The sign ∆ is the first-difference operator; the optimal lag lengths and are determined using Akaike information criterion (AIC); and coefficients δ and δ measure the speed of return to equilibrium of the variables and respectively. d) In the last step, the quality and robustness of the VECM model presented in Eqs. 5-7 is assessed. Known problem with the AIC-based VECM model is the possible model mis-specification caused by unstable parameters (Narayan & Smith, 2005; Hsiao-Tien et al., 2011) . Hence, the parameters consistency needs to be addressed by using the cumulative sum of recursive residuals (CUSUM) and the CUSUM of square (CUSUMSQ) tests (Brown et al., 1975) .
Results
The results of regression analysis indicate that coal production has a much greater impact on respiratory diseases than other variables. Coal production contributed to the increase of the respiratory diseases to 81.8%, followed by road transport which contributed to only 14.2% of the respiratory diseases as shown in Table 2 . The insignificance of the oil and natural gas impact on respiratory disease could be explained by the fact that the fossil fuel is the primary source of the export and coal is the main domestic fuel of the economy. Furthermore, it is likely that the variable LA is more significant for urban areas.
The time series properties of LRD and LCP are checked through both ADF and KPSS unit root tests. The results of both tests indicate that both series appear to contain unit root in their levels but stationary in their first difference, indicating that they are integrated at order one i.e. I(1) as displayed in Table 3 . -0.570 -3 .793*** 0.322*** 0.072 Note. ** and *** indicate that the null hypothesis is rejected at 5% and 1% level respectively. The optimal lag lengths are selected using AIC.
The results of Johansen's co-integration test the presence of co-integration between the variables as seen in Table  4 . The results indicate that there is a long-run equilibrium relationship between respiratory diseases and coal production, and the normalized co-integrating vector with respect to LRD is (1, 0.603) as in Table 2 . This implies that 1% increase in coal production results in 0.603% increase in respiratory diseases. Hence, the respiratory diseases appear to be coal production elastic. The evidence of co-integration also indicates that the estimated model in Eq. 1 does not lead to spurious regression results, and the estimated parameters are super-consistent. Vol. 4, No. 3; 2014 Note. The optimal lag lengths are selected using AIC. ** indicates the rejection of a null hypothesis at 5% level of significance.
The existence of co-integration between the variables indicates that Granger causality exists at least in one direction (Engle & Granger, 1987) . However, it does not indicate the direction of causality. The VECM helps to define the direction of causal relationship. The short-run F-statistics, long-run t-statistics and joint F-statistics for Eqs. 5-7 are reported in Table 5 . The short-run dynamics suggest bidirectional causality from coal production to respiratory diseases and vice-versa. However, the significance of the causal relationship from coal production to respiratory diseases seems to be stronger. The estimated coefficients for ECT indicate the presence of unidirectional causality from coal production to respiratory diseases in the long-run. The joint statistics indicate Granger endogeneity and presence of strong causality from coal production to respiratory diseases. Significantly higher lag length (4) defined by AIC (the most common lag length for annual time series is one) could be partially explained by the nature of the variables as the development of respiratory diseases requires exposure period to air pollution.
CUSUM and CUSUMSQ statistics plots for the variables LRD and LCP are presented in Figures 3 and 4 . As it can be seen, both statistics are well within the critical bounds of 5% significance. This implies that the estimated coefficients of the VECM model are stable for duration of the estimation period. Hence, the results of the Granger causality tests based on the VECM model can be used for policy decision-making (Hsiao-Tien et al., 2011) . 
Discussion
The results of the study indicate that among the main sources of air pollution, coal production has the biggest impact on the growing number of respiratory diseases in Kazakhstan. Furthermore, it found strong short-run and long-run Granger causality running from coal production to respiratory diseases. The results of the study could be used to better define and incorporate relevant environmental policies into Kazakhstan's development strategies.
All policies and initiatives in Kazakhstan, aimed at reducing environmental burden and promoting renewable energy technologies, focus on recent commitments to reduce greenhouse gases (GHG) emissions and the upcoming EXPO 2017. This combination creates an incompatibility between expansion of the coal production and attempts to meet the emissions reduction target. Both reduction of the coal dependency and promotion of green energy are not only necessary to fulfill the GHG commitment, but also vital to health and well-being of the nation. Currently, coal is the cheapest fuel in Kazakhstan, and therefore the most attractive for both industrial and residential users. However, the health costs associated with the use of coal are often unseen, and if these costs are accounted for, coal becomes an expensive fuel.
This is a first attempt to define the relationship between the air pollution caused by coal production and respiratory health in Kazakhstan at a national level. This study should not be treated as epidemiology research on health effects of air pollution. Unlike existing epidemiology studies on the topic, this study does not intend to estimate effects of various air pollutants (particulate matters, ozone or any other pollutant) on health outcomes (health admissions or deaths). The study investigates long-term equilibrium and short-term dynamics of coal production and respiratory diseases in Kazakhstan.
The results of the research prove that the coal industry is not only the main source of global warming pollutants, but also contributes to the environmental burden of respiratory diseases in Kazakhstan. Hence, it verifies the hypothesis of coal industry's significant contribution to overall health risk attributed to air pollution proposed by Kenessariyev et al. (2013) . Similar to the study conducted by Kenessariyev et al. (2013) , this study also contains a relatively large uncertainty. However, the history of environmental problems in Kazakhstan and the results of the studies call to act based on the precautionary principle -in the absence of scientific certainty of damage of the action, the burden of the proof should be on the industry that stands to profit (Martuzzi & Tickner, 2004) .
Future studies should include analysis on a regional level, given the size of the country and diversity of fuel mix. National level studies provide a broader picture of the issue, however, much of the regional variations remain hidden. Hence, the future studies should include panel data analysis of relationships between fossil fuels combustion and respiratory diseases for all 14 regions of Kazakhstan.
